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1
PLASMA GENERATING APPARATUS AND
PLASMA GENERATING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Patent
Application No. 2011-052233, filed on Mar. 9, 2011, Japa-
nese Patent Application No. 2011-052234, filed on Mar. 9,
2011, and Japanese Patent Application No. 2011-093103,
filed on Apr. 19, 2011, in the Japanese Patent Office, and
Korean Patent Application No. 10-2011-0109432, filed on
Oct. 25, 2011, in the Korean Intellectual Property Office, the
disclosures of which are incorporated herein in their entirety
by reference.

BACKGROUND

1. Field

The present invention relates to a plasma generating appa-
ratus and a plasma generating method.

2. Description of the Related Art

Recently, the demand for air quality controls in living
environments, such as sterilization and deodorization, is
increasing due to an increase in symptoms like atopy, asthma,
and allergies and an increase in the risk of infections such as
new influenza in the population. Furthermore, as living con-
ditions become more and more affluent, the amount of stored
food or chances of storing uneaten foods increases, and thus
it has become more and more important to control environ-
ments in food storage devices, such as refrigerators.

Related arts for controlling air quality in living environ-
ments are generally related to physical controls, such as fil-
ters. Relatively large dusts and particles floating in the air may
be trapped by using physical controls. Depending on the size
of filter holes, germs or viruses may also be trapped by using
physical controls. Furthermore, in a case of physical control
unit having innumerable absorption sites, such as activated
carbon, even malodor molecules may be trapped. However, to
trap such malodor molecules, itis necessary to transmit all the
air in a space to be controlled through a filter, thus resulting in
an increase in the size of a device and maintenance costs for
filter replacements. Furthermore, such physical control is
ineffective against malodor molecules attached to something.
Therefore, an example of means for sterilizing or deodorizing
malodor molecules attached to something is to release chemi-
cally active species into a space to be sterilized or deodorized.
For spraying chemicals, air fresheners, or deodorizers, it is
necessary to prepare the chemically active species in advance,
and thus it is inevitable to periodically restock such chemi-
cally active species. Recently, methods for generating plasma
in the air and sterilizing or deodorizing by using chemically
active species generated therefrom are becoming popular.

Methods for generating plasma in the air by using electric
discharge and sterilizing or deodorizing by using ions or
radicals (referred to hereinafter as “chemically active spe-
cies”) generated therefrom may be categorized into two
types:

(1) So-called passive plasma generating apparatuses which
make germs or viruses floating in the air (referred to herein-
after as “floating germs”) or malodorous substances (referred
to hereinafter as “malodors”) react with active species within
a space with limited volume within the passive plasma gen-
erating apparatuses (e.g., Patent Reference 1).

(2) So-called active plasma generating apparatuses which
spray active species generated by a plasma generating unit
into a closed space with a volume larger than that in (1) above
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2

(e.g., living room, bathroom, interior of a vehicle, etc.), such
that the active species in the art collide and react with floating
germs or malodors in the art (e.g., Patent Reference 2).

Since a passive plasma generating apparatus of (1) gener-
ates plasma within a relatively small volume, active species
are densely generated and thus highly effective sterilization
and deodorization may be expected. However, since it is
necessary to introduce floating germs or malodors into the
passive plasma generating apparatus, the size of the plasma
generating apparatus is relatively large. Furthermore, ozone
may be easily generated as a by-product of the plasma gen-
eration, and thus, it is necessary to additionally install a filter
for absorbing or decomposing ozone to prevent ozone from
leaking out of the plasma generating apparatus.

On the other hand, an active plasma generating apparatus
of (2) may be manufactured to have a relatively small size,
and not only sterilization of floating germs and decomposi-
tion of malodors in the art, but also sterilization of germs
attached to surfaces of clothing or household items (referred
to hereinafter as “attached germs”) and decomposition of
malodors attached to surfaces of clothing or household items
may be expected. However, since active species spread into a
closed space that is excessively large compared to the volume
of the active surfaces of clothing or household items, the
concentration of the active species decreases, and thus, a
sterilization or deodorization effect may only be expected
with active species having a relatively long lifespan. There-
fore, little deodorization effect may be expected in a space
with a high concentration of malodors (concentration that is
about 10,000 times the concentration of active species).

As described above, a passive plasma generating apparatus
is only effective against floating germs or malodors contained
in the air flowing into the passive plasma generating appara-
tus, whereas an active plasma generating apparatus is practi-
cally only effective against floating germs, attached germs,
and malodors with relatively low concentrations. In other
words, a function of the related art is restricted only one of
“sterilization and deodorization of floating germs” or “steril-
ization of floating germs and attached germs with relatively
low concentrations and deodorization of floating and attached
malodors with relatively low concentrations”.

Furthermore, electrodes constituting a plasma generating
unit commonly employ porous dielectric layers, for example,
at portions of the electrodes at which plasma is generated.
Therefore, under conditions of high humidity, moisture
absorption of a dielectric layer changes the electric properties
of the dielectric layer, and thus the generation of plasma is
diminished. Particularly, in an environment with a low tem-
perature and changeable humidity, such as a refrigerator, dew
may easily condense on the dielectric layers of the electrodes.
As aresult, plasma generation is stopped and the efficiencies
of sterilization and deodorization deteriorate. Therefore, if
high humidity is maintained in a refrigerator, it is difficult to
maintain the efficiency of sterilization.

PRIOR ART REFERENCES

1. Japanese Patent Laid-Open Publication No. 2002-
224211
2. Japanese Patent Laid-Open Publication No. 2003-79714

SUMMARY

Additional aspects and/or advantages will be set forth in
part in the description which follows and, in part, will be
apparent from the description, or may be learned by practice
of the invention.
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The present embodiments provides a technique for simul-
taneously embodying sterilization and deodorization of
attached germs by combining a passive mechanism for per-
forming deodorization by using active species generated by
generating plasma and an active mechanism for sterilizing
attached germs by emitting the active species to outside of an
apparatus for sterilization and deodorization by combining by
increasing the amount of the generated active species and
preventing dew condensation or moisture absorption at
dielectric layers.

The present embodiments also provide a technique for
improving the drying efficiency stabilizing the generated
amount of active species by stabilizing plasma generation by
improving the drying efficiency of dielectric layers.

According to an aspect, there is provided a plasma gener-
ating apparatus including a pair of electrodes, wherein a
dielectric layer is arranged on at least one of surfaces of the
electrodes facing each other, plasma discharge occurs as a
predetermined voltage is applied to the electrodes, and a
coating film is arranged on a surface of the dielectric layer.

A coating film is arranged on a surface of the dielectric
layer, dew condensation and moisture attachment hardly
occur on the dielectric layer, and thus deterioration of steril-
izing efficiency under high humidity inside a refrigerator, for
example, may be prevented. As a result, sterilizing efficiency
may be maintained for an extended period of time. Further-
more, as fluid flowing holes are formed in portions respec-
tively corresponding to electrodes to penetrate through the
electrodes, amount of plasma generated at the corresponding
fluid flowing holes may be maximized, and an area by which
the plasma and fluid contact each other may be maximized.
Therefore, the generated amount of active species (ions and
radicals) may be increased, and the effects of deodorizing by
using the active species and sterilizing floating germs and
attached germs by emitting the active species to outside of a
plasma generating apparatus may be sufficiently high. Fur-
thermore, the term ‘portions corresponding to electrodes’
means that fluid flowing holes formed in each of electrodes
are located at substantially same locations when viewed from
above. In other words, the fluid flowing holes are formed to
have substantially same (X, y) coordinates at each of the
electrodes when viewed in a z-axis direction in the rectangu-
lar coordinate system.

If the dielectric layer is formed using a thermal spraying
method, the dielectric layer acquires a porous structure or a
structure having fine protrusions and recessions, and thus the
dielectric layer may be vulnerable to humidity. Therefore,
effect of arranging a coating film becomes more significant.

For further reducing dew condensation and moisture
attachment, the coating film may be water-repellent.

A thickness of the coating film may be from about 0.01 pm
to about 100 um. If the thickness of the coating film exceeds
100 pm, material properties of the dielectric layer are dete-
riorated. Furthermore, protrusions and recessions formed on
a surface of the dielectric layer are buried, and thus plasma
generating efficiency is lowered.

The plasma generating apparatus may further include a
spacer, which is arranged between the pair of electrodes and
has a thickness smaller than or equal to 500 um. By forming
the spacer, a distance between electrodes may be increased,
and thus deodorizing reacting field may become larger. As a
result, deodorizing efficiency may increase. Furthermore,
since distance between electrodes increases as the spacer is
formed, even if moisture is attached, only fine water drops are
formed, and thus it is easy to drain the moisture. Here, meth-
ods for forming the spacer may include deposition, chemical
vapor deposition (CVD), sputtering, or ion plating, a plating
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method, a thermal spraying method, a spray coating method,
a spin coating method, or an application method.

A coating film may be arranged on a surface of the spacer
to prevent dew condensation and moisture attachment at the
spacer.

For efficient flow of fluid through fluid flowing holes to
accelerate generation of active species and to improve
deodorizing efficiency, an air-blowing mechanism for forc-
ibly blows wind toward the fluid flowing holes may be further
arranged.

Velocity of the wind which is blown by the air-blowing
mechanism and passes through the fluid flowing holes may be
from about 0.1 m/s to about 30 m/s.

To maximize a number of active species contained in a fluid
passing through the fluid flowing holes and to minimize gen-
erated amount of ozone, voltages to the electrodes may be
applied as pulses with peak values from about 100V to about
5000 V and pulse widths from about 0.1 p seconds to about
300 p seconds.

According to another aspect, there is provided a plasma
generating apparatus including a pair of electrodes, wherein a
dielectric layer is arranged on at least one of surfaces of the
electrodes facing each other, plasma discharge occurs as a
predetermined voltage is applied at the electrodes, and a
heating element is arranged at each of the electrodes or the
dielectric layer.

In this case, since the heating elements are arranged in the
electrodes or the dielectric layers, dew condensation and
moisture attachment hardly occur and, even if dew condenses
or moisture is attached, the dew or moisture may be dried. For
example, the deterioration of sterilizing efficiency under high
humidity inside a refrigerator may be prevented, and thus
sterilizing efficiency may be maintained for an extended
period of time. If dew condenses on a surface of a dielectric
layer and plasma generation efficiency is deteriorated, the
dielectric layer may be dried as the heating elements emit
heat, and thus plasma generation may be restored. Further-
more, since the heating elements are arranged in an electrode
or a dielectric layer and directly heat the electrode or the
dielectric layer, the period of time for heating the electrode or
the dielectric layer and energy for heating the electrode or the
dielectric layer may be reduced as compared to heat radiation
or indirect heating. Furthermore, since an electrode or a
dielectric layer is heated by using the heating elements, reac-
tive heat for deodorizing reaction may be supplied, and thus
deodorizing reaction may be accelerated. Furthermore, by
forming fluid flowing holes in portions corresponding to each
of electrodes to penetrate through the electrodes, amount of
plasma generated at the corresponding fluid flowing holes
may be maximized, and thus the area by which the plasma and
fluid contact each other may be maximized. Therefore, the
generated amount of active species (ions and radicals) may be
increased, and the effects of deodorizing by using the active
species and sterilizing floating germs and attached germs by
emitting the active species to outside of the plasma generating
apparatus may be sufficiently high.

Here, the heating element may be arranged in the electrode,
may be arranged between the electrode and the dielectric
layer, or may be arranged on a portion of surfaces of the
dielectric layer.

According to another aspect, there is provided a plasma
generating apparatus including a pair of electrodes; and a
casing which supports the pair of electrodes, wherein a
dielectric layer is arranged on at least one of surfaces of the
electrodes facing each other, plasma discharge occurs as a
predetermined voltage is applied to the electrodes, and a
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heating element for heating each of the electrodes or the
dielectric layer is arranged at the casing.

Therefore, since the heating element is arranged at the
casing and heats the electrodes and the dielectric layer, dew
condensation and moisture attachment hardly occur and, even
if dew condenses or moisture is attached, the dew or moisture
may be removed.

A heating temperature of the heating element may be less
than or equal to 150° C.

To prevent dew condensation and moisture attachment at a
plasma generating location and to prevent deterioration of
sterilizing efficiency and deodorizing efficiency by easily
removing dews and moistures, a coating film may be arranged
on a surface of the dielectric layer. Here, the coating film may
be water-repellent. Furthermore, by using a water-repellent
coating film, water-repellent malodor compounds may be
easily absorbed by the coating film, and thus deodorizing
efficiency may be improved.

A thickness of the coating film may be from about 0.01 pm
to about 100 um. Here, if the thickness of the coating film
exceeds 100 um, material properties of the dielectric layer are
deteriorated. Furthermore, protrusions and recessions formed
on a surface of the dielectric layer are buried, and thus plasma
generating efficiency is lowered.

The plasma generating apparatus may further include a
spacer, which is arranged between the pair of electrodes and
has a thickness smaller than or equal to 500 um. By forming
the spacer, a distance between electrodes may be increased,
and thus deodorizing reacting field may become larger. As a
result, deodorizing efficiency may increase. Furthermore,
since distance between electrodes increases as the spacer is
formed, even if moisture is attached, only fine water drops are
formed, and thus it is easy to drain the moisture. Here, meth-
ods for forming the spacer may include deposition, chemical
vapor deposition (CVD), sputtering, or ion plating, a plating
method, a thermal spraying method, a spray coating method,
a spin coating method, or an application method.

For efficient flow of fluid through fluid flowing holes to
accelerate generation of active species and to improve
deodorizing efficiency, an air-blowing mechanism for forc-
ibly blows wind toward the fluid flowing holes may be further
arranged. Furthermore, evaporation of dew or attached mois-
ture may be accelerated by forcibly blowing wind.

To maximize a number of active species contained ina fluid
passing through the fluid flowing holes and to minimize gen-
erated amount of ozone, voltages to the electrodes may be
applied as pulses with peak values from about 100V to about
5000 V and pulse widths from about 0.1 p seconds to about
300 p seconds.

According to another aspect, there is provided a plasma
generating apparatus including a pair of electrodes; and a
casing which supports the pair of electrodes, wherein a
dielectric layer is arranged on at least one of surfaces of the
electrodes facing each other, plasma discharge occurs as a
predetermined voltage is applied at the electrodes, fluid flow-
ing holes are formed in each of the pair electrodes, a location
of the fluid flowing holes corresponds to each other to pen-
etrate through the electrodes, the casing opens at least a part
of lateral openings formed between the pair of electrodes.

In this case, since the lateral openings formed between the
pair of electrodes are at least partially opened by the casing,
dew water formed in the pair of electrodes may be easily
evaporated, and thus cumulative condensation of dew water
in the pair of electrodes may be prevented. Therefore, the
drying efficiency of the dielectric layers may be improved. As
a result, generation of plasma may be stabilized, and thus the
generated amount of active species may be stabilized.
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6

Furthermore, if the casing completely covers the pair of
lateral openings, dew water on a dielectric layer close to the
fluid flowing holes may be dried, whereas drying efficiency of
dew water on dielectric layers at other portions, such as
around the pair of electrodes, is significantly low. According
to the present invention, not only a dielectric layer close to the
fluid flowing holes but also dielectric layers at other portions
may be dried by opening the lateral openings of the elec-
trodes.

Furthermore, by forming fluid flowing holes in portions
corresponding to each of electrodes to penetrate through the
electrodes, amount of plasma generated at the corresponding
fluid flowing holes may be maximized, and thus the area by
which the plasma and fluid contact each other may be maxi-
mized. Therefore, the generated amount of active species
(ions and radicals) may be increased, and the effects of
deodorizing by using the active species and sterilizing float-
ing germs and attached germs by emitting the active species
to outside of the plasma generating apparatus may be suffi-
ciently high.

The casing may include a wall unit facing the lateral open-
ing, and a gas flow path may be formed between the lateral
opening and the wall unit. Furthermore, by forming the wall
unit facing the lateral opening, sparks, which are ignited by
plasma, may be prevented from being propagated to outside.

The plasma generating apparatus may further include an
air-blowing mechanism, which is arranged at leading ends or
rear ends of the pair of electrodes to provide air to the lateral
opening. In this case, since wind may be efficiently blown to
the lateral openings, moisture may be easily drained via the
lateral openings, and thus drying efficiency of dielectric lay-
ers may be improved. Furthermore, due to the air-blowing
mechanism, fluid may efficiently flow through fluid flowing
holes, and thus generation of active species may be acceler-
ated and deodorizing efficiency may be improved. For
example, in a household appliance, such as a refrigerator, the
air-blowing mechanism may be efficiently operated with
minimum energy by being linked with a sensor, such as a
humidity sensor or a temperature sensor. Furthermore, since
dew formation may be detected by determining whether
applied voltage is lowered, amount of air to blow may be
adjusted based on a result of the detection.

Airblown by the air-blowing mechanism may pass through
the fluid flowing holes at a velocity from about 0.1 m/s to
about 30 m/s.

In a case where a dielectric layer is formed using a thermal
spraying method, fine protrusions and recessions are formed
on a surface of the dielectric layer and, since fine protrusions
and recessions face each other, drying efficiency is signifi-
cantly deteriorated. According to the present invention, the
deterioration of drying efficiency may be prevented by form-
ing the lateral openings.

To prevent dew condensation and moisture attachment at a
plasma generating location and to prevent deterioration of
sterilizing efficiency and deodorizing efficiency by easily
removing dews and moistures, a coating film may be arranged
on a surface of the dielectric layer. Here, the coating film may
be water-repellent. Furthermore, by using a water-repellent
coating film, water-repellent malodor compounds may be
easily absorbed by the coating film, and thus deodorizing
efficiency may be improved.

A thickness of the coating film may be from about 0.01 um
to about 100 um. Here, if the thickness of the coating film
exceeds 100 um, material properties of the dielectric layer are
deteriorated. Furthermore, protrusions and recessions formed
on a surface of the dielectric layer are buried, and thus plasma
generating efficiency is lowered.
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The plasma generating apparatus may further include a
spacer, which is arranged between the pair of electrodes and
has a thickness smaller than or equal to 500 um. By forming
the spacer, a distance between electrodes may be increased,
and thus deodorizing reacting field may become larger. As a
result, deodorizing efficiency may increase. Furthermore,
since distance between electrodes increases as the spacer is
formed, even if moisture is attached, only fine water drops are
formed, and thus it is easy to drain the moisture. Here, meth-
ods for forming the spacer may include deposition, chemical
vapor deposition (CVD), sputtering, or ion plating, a plating
method, a thermal spraying method, a spray coating method,
a spin coating method, or an application method.

To maximize a number of active species contained ina fluid
passing through the fluid flowing holes and to minimize gen-
erated amount of ozone, voltages to the electrodes may be
applied as pulses with peak values from about 100V to about
5000 V and pulse widths from about 0.1 p seconds to about
300 p seconds.

According to another aspect, there is provided a method of
generating plasma including preparing a pair of electrodes,
wherein a dielectric layer is arranged on at least one of sur-
faces of the electrodes facing each other; and applying a
predetermined voltage to the electrodes to occur plasma dis-
charge, wherein a coating film is arranged on a surface of the
dielectric layer.

By increasing generated amount of active species, steril-
ization of attached germs and deodorization may be embod-
ied at the same time. Furthermore, by removing dews formed
on or moistures attached to dielectric layers, deterioration of
sterilizing efficiency may be prevented for an extended period
of time.

Furthermore, by increasing generated amount of active
species, sterilization of attached germs and deodorization
may be embodied at the same time. Furthermore, by improv-
ing drying efficiency of dielectric layers, plasma generation
may be stabilized, and thus generated amount of active spe-
cies may be stabilized.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawings in which:

FIG. 1 is a perspective view of a plasma generating appa-
ratus according to an embodiment of the present invention;

FIG. 2 is a diagram showing operation of the plasma gen-
erating apparatus;

FIG. 3 is a plan view of electrode unit of the plasma gen-
erating apparatus;

FIG. 4 is a sectional view of the electrode unit and an
anti-explosion mechanism;

FIG. 5 is a magnified sectional view showing configuration
of the electrode unit in closer detail,;

FIG. 6 is a partially-magnified plan view and a sectional
view showing a fluid flowing hole and a penetration hole;

FIG. 7 is a diagram showing pulse-width dependences of
ion number densities and ozone concentrations;

FIG. 8 is a diagram showing relationships between dew
formation cycles and ion number densities in the prior art and
in the present invention;

FIG. 9 is a concept view showing deodorizing efficiencies
according to distances between electrodes;

FIG. 10 is a diagram showing dependency of deodorizing
efficiency on thickness of a spacer;
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FIG. 11 is a diagram showing an example of humidity
changes inside a refrigerator;

FIG. 12 is a perspective view of a plasma generating appa-
ratus according to another embodiment of the present inven-
tion;

FIG. 13 is a sectional view of an electrode unit and an
anti-explosion mechanism of the plasma generating appara-
tus of FIG. 12;

FIG. 14 is a magnified sectional view showing a surface
faced by the electrode unit of the plasma generating apparatus
of F1G. 12;

FIG. 15 is a plan view of an example of heating element
forming patterns;

FIG. 16 is a perspective view of a plasma generating appa-
ratus according to another embodiment of the present inven-
tion;

FIG. 17 is a sectional view of an electrode unit and an
anti-explosion mechanism of the plasma generating appara-
tus of FIG. 16;

FIG. 18 is a plan view of a plasma electrode unit of the
plasma generating apparatus of FIG. 16;

FIG. 19 is a magnified sectional view showing configura-
tion of a casing of the plasma generating apparatus of F1IG. 16;

FIG. 20 is a sectional view showing configuration of an
electrode unit of a plasma generating apparatus according to
an embodiment modified from the embodiment shown in
FIG. 12;

FIG. 21 is a sectional view showing configuration of an
electrode unit of a plasma generating apparatus according to
an embodiment modified from the embodiment shown in
FIG. 12;

FIG. 22 is a perspective view showing configuration of an
electrode unit of a plasma generating apparatus according to
an embodiment modified from the embodiment shown in
FIG. 12;

FIG. 23 is a plan view showing configuration of an elec-
trode unit of a plasma generating apparatus according to an
embodiment modified from the embodiment shown in FIG.
12;

FIG. 24 is a diagram showing a voltage applying pattern
according to an embodiment modified from the embodiment
shown in FIG. 12;

FIG. 25 is a magnified sectional view showing configura-
tion of a casing of a plasma generating apparatus according to
an embodiment modified from the embodiment shown in
FIG. 16;

FIG. 26 is a magnified sectional view showing configura-
tion of a casing of a plasma generating apparatus according to
an embodiment modified from the embodiment shown in
FIG. 16; and

FIG. 27 isaplanview ofa plasma electrode unit of a plasma
generating apparatus according to an embodiment modified
from the embodiment shown in FIG. 16.

DETAILED DESCRIPTION

Reference will now be made in detail to the embodiments,
examples of which are illustrated in the accompanying draw-
ings, wherein like reference numerals refer to the like ele-
ments throughout. The embodiments are described below to
explain the present invention by referring to the figures.

Hereinafter, the present invention will be described in
detail by explaining preferred embodiments of the invention
with reference to the attached drawings.

A plasma generating apparatus 100 according to an
embodiment of the present invention is used in a household
appliance, such as a refrigerator, a laundry machine, a clothes
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dryer, a vacuum, an air conditioner, an air cleaner, etc., for
deodorizing the air inside or outside a corresponding house-
hold appliance or sterilizing floating germs or attached germs
inside or outside the corresponding household appliance.

Particularly, as shown in FIGS. 1 and 2, the plasma gener-
ating apparatus 100 includes a plasma electrode unit 2 which
generates active species, such as ions or radicals, by using
micro-gap plasma, an air blowing unit 3 which is installed
outside the plasma electrode unit 2 and forcibly blows wind
(sends air flow) toward the plasma electrode unit 2, an anti-
explosion mechanism 4 which prevents sparks formed at the
plasma electrode unit 2 from being spread to outside, and a
power supply 5 for applying a high voltage to the plasma
electrode unit 2.

Hereinafter, each of the components 2 through 5 will be
described in detail with reference to the attached drawings.

As shown in FIGS. 2 through 6, the plasma electrode unit
2 includes a pair of electrodes 21 and 22, where dielectric
layers 21a and 22a are respectively formed on surfaces of the
electrodes 21 and 22 facing each other, and plasma discharge
occurs as a predetermined voltage is applied to the electrodes
21 and 22. Each of the electrodes 21 and 22 is formed to have
a substantially rectangular shape when viewed from above
particularly as shown in FIG. 3 and is formed of a stainless
steel, such as stainless steel SUS403, for example. Further-
more, application terminals 2T to which voltages from the
power supply 5 are applied are formed at outer portions of the
electrodes 21 and 22 of the plasma electrode unit 2 (refer to
FIG. 3).

Here, the power supply 5 applies voltage to the plasma
electrode unit 2 by applying voltages to the electrodes 21 and
22 as pulses with peak values from about 100V to about 5000
V and pulse widths from about 0.1 p seconds to about 300 p
seconds. As shown in FIG. 6, when the pulse width is below
or equal to 300 um, ion number density is measured. Further-
more, as ozone concentration decreases, the pulse width also
decreases, and thus the number of ions increases and ozone
concentration decreases. Therefore, the generated amount of
ozone may be suppressed, and active species generated from
plasma may be efficiently emitted with little loss via a com-
mon filter in the related art. As a result, sterilization of
attached germs may be implemented within a short period of
time.

Furthermore, as shown in FIG. 5, the dielectric layers 21a
and 22q are formed on surfaces of the electrodes 21 and 22
facing each other by applying a dielectric material, such as
barium titanate, on the surfaces of the electrodes 21 and 22
facing each other. Surface roughness (calculated average sur-
face roughness Ra in the present embodiment) of the dielec-
tric layers 21a and 224 is from about 0.1 um to about 100 um.
The surface roughness of the dielectric layers 21a and 22a
may alternatively be defined by using the maximum height
Ry and 10-point average roughness Rz. Furthermore, the
surface roughness of the dielectric layers 21a and 22a may be
controlled by using a thermal spraying method. Furthermore,
the dielectric material that is applied onto the surface of the
electrodes 21 and 22 may be aluminium oxide, titanium
oxide, magnesium oxide, strontium titanate, silicon oxide,
silver phosphate, lead zirconate titanate, silicon carbide,
indium oxide, cadmium oxide, bismuth oxide, zinc oxide,
iron oxide, carbon nanotubes, etc.

Furthermore, as shown in FIGS. 3, 4, and 6, fluid flowing
holes 215 and 225 are respectively formed in portions corre-
sponding to each of the electrodes 21 and 22, such that the
fluid flowing holes 215 and 225 communicate with each other
and penetrate through the portions and, when the electrodes
21 and 22 are viewed from above, at least portions of outlines

10

15

20

25

30

35

40

45

50

55

60

65

10

of the corresponding fluid flowing holes 215 and 225 have a
different position. In other words, it is configured such that, as
viewed from above, the shape of the fluid flowing hole 215
formed in the electrode 21 differs from the shape of the fluid
flowing hole 225 formed in the electrode 22.

In detail, as viewed from above, the shapes of the fluid
flowing holes 215 and 2254 that are respectively formed in
portions corresponding to the electrodes 21 and 22 are sub-
stantially circular (refer to FIGS. 3 and 6), where the size
(diameter) of the fluid flowing hole 215 formed in the elec-
trode 21 is smaller (e.g., 10 um or more smaller) than that of
the fluid flowing hole 225 formed in the electrode 22.

In this regard, as shown in FIGS. 3 and 6, the fluid flowing
hole 215 formed in the electrode 21 and the fluid flowing hole
22b formed in the electrode 22 have concentric circular
shapes. Furthermore, in the present embodiment, all of a
plurality of fluid flowing holes 215 formed in the electrode 21
have the same shape, and all of a plurality of fluid flowing
holes 226 formed in the electrode 22 also have the same
shape, where all of the plurality of fluid flowing holes 215
formed in the electrode 21 have a smaller size than all of the
plurality of fluid flowing holes 225 formed in the electrode 22.
Although the fluid flowing holes 215 and 2254 have substan-
tially circular shapes in the present embodiment, the fluid
flowing holes 215 and 225 may have other shapes, as long as
at least portions of outlines of corresponding fluid flowing
holes 215 and 225 have a different position when viewed from
above.

Furthermore, the total areas of the fluid flowing holes 215
and 22b respectively formed in the electrodes 21 and 22 are
from 2% to 90% of the total areas of the electrodes 21 and 22.
In detail, the fluid flowing hole 225 formed in the electrode 22
is formed to have a total area from 2% to 90% of the total area
of the electrode 22. Furthermore, the fluid flowing hole 215
formed in the electrode 21 may be formed to have a total area
from 2% to 90% of the total area of the electrode 21.

Furthermore, as shown in FIGS. 3 and 6, in the plasma
electrode unit 2 according to the present embodiment, a pen-
etration hole 21c¢is formed in the electrode 21 separately from
the fluid flowing holes 215 and 225, and the penetration hole
21c is blocked by the electrode 22. Furthermore, the fluid
flowing holes 215 and 225 formed in the electrodes 21 and 22
are both referred to as a completely opened portion, whereas
an opening of the penetration 21c is referred to as semi-
opened portion.

The penetration hole 21¢ has an opening size that is 10 pm
or more smaller than that of the fluid flowing hole 215. The
penetration hole 21c¢ is formed by substituting a part of the
fluid flowing holes 215 that are regularly formed, and the
penetration hole 21¢ is formed around the fluid flowing hole
215 (refer to FIG. 3).

An air-blowing mechanism 3 is arranged at a side of the
electrode 22 of the plasma electrode unit 2 and includes an
air-blowing fan for forcibly blowing air toward the fluid flow-
ing holes 215 and 22 (the completely-opened portion) of the
plasma electrode unit 2. In detail, air blown by the air-blowing
mechanism 3 passes through the fluid flowing holes 215 and
22b at a velocity from about 0.1 m/s to about 30 m/s.

As shown in FIG. 4, the anti-explosion mechanism 4
includes a protective cover 41 arranged outside of the pair of
electrodes 21 and 22 to prevent sparks, which are generated as
inflammable gas flows into the fluid flowing holes 215 and
22b and is ignited by plasma, from being propagated to out-
side. In detail, the anti-explosion mechanism 4 includes a
metal mesh 411, wherein the protective cover 41 is arranged
outside the pair of electrodes 21 and 22, a diameter of the
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metal mesh 411 is 1.5 mm or smaller, and the opening ratio of
the metal mesh 411 is 30% or higher.

However, in the present embodiment, as shown in FIG. 5,
single-layer coating films 23 are formed on surfaces of the
dielectric layers 21a and 224 of the electrodes 21 and 22.

The coating films 23 are water-repellent and are formed of
glass, fluororesin, silicon, diamond-like carbon (DLC), fluo-
rine-containing DLC, SiO,, ZrO,, TiO,, SrO,, MgO, or a
combination thereof. Furthermore, the coating films 23 are
formed using a thin-film forming method, such as deposition,
chemical vapor deposition (CVD), sputtering, or ion plating,
aplating method, a thermal spraying method, a spray coating
method, a spin coating method, or an application method to
uniformly form the coating films 23 on the surfaces of the
dielectric layers 21a and 22a.

Relationships between dew condensation cycles and ion
number densities in the plasma generating apparatus 100 (the
present invention) in which the coating films 23 are formed
and a plasma generating apparatus (related art) in which no
coating film is formed are shown in FIG. 8. In FIG. 8, ion
number density gradually decreases from the second dew
condensation cycle in a plasma generating apparatus accord-
ing to the related art, whereas ion number density does not
decrease regardless of dew condensation cycles in the plasma
generating apparatus 100 according to the present invention.

A gap having a predetermined width is formed between the
electrodes 21 and 22 due to spacers 24 that are formed of an
insulation material. The spacers 24 are formed at various
locations on edge portion of the electrodes 21 and 22, as
shown in FIG. 3. Furthermore, the locations of the spacers 24
are not limited to those shown in FIG. 3. For example, the
spacers 24 may be arranged throughout the edge portions of
the electrodes 21 and 22 or arbitrary locations, such as center
portions of the electrodes 21 and 22, as long as the fluid
flowing holes 2156 and 225 and the penetration hole 21c¢ are
not blocked. The spacer 24 may have a thickness below or
equal to 500 um. If the thickness of the spacer 24 is greater
than 500 pm, a voltage for generating plasma increases, and
thus ozone may be easily generated. Furthermore, the spacer
24 is formed of fluororesin, epoxy, polyimide, alumina, glass,
or a combination thereof. Like the dielectric layers 21a and
22a, the spacers 24 according to the present embodiment are
formed using a thermal spraying method. In detail, raw mate-
rial units of the spacers 24 are formed on each of the dielectric
layers 21a and 22a of the electrodes 21 and 22 to have a
thickness below or equal to 250 pum, for example, and the
spacers 24 having a thickness below or equal to 500 um are
formed by combining the raw material units. Alternatively,
the spacers 24 may be formed on the dielectric layer 21a (or
the dielectric layer 22a) of the electrode 21 (or the electrode
22).

The coating film 23 according to the present embodiment is
formed after the dielectric layers 21a and 22a are formed
using a thermal spraying method and the raw material units of
the spacers 24 are formed on the dielectric layers 21a and 224
by using a thermal spraying method. Therefore, the spacers
24 are covered by the coating film 23, and thus dew conden-
sation and moisture attachment to the spacers 24 may be
prevented. Alternatively, the spacers 24 may be formed after
the dielectric layers 21a and 22qa and the coating film 23 are
formed.

As the spacers 24 are arranged as described above, a dis-
tance between the electrodes 21 and 22 may be set as large as
the thickness of the spacers 24. Therefore, as shown in FIG. 9,
a deodorizing reacting field becomes larger, and the volume
by which air and plasma contact each other increases. As a
result, deodorizing efficiency increases. Here, the depen-
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dency of the deodorizing efficiency on the thickness of the
spacers 24 is shown in FIG. 10. Compared to deodorizing
efficiency in a case in which no spacer 24 is arranged is 20%,
the deodorizing efficiency in a case in which the spacers 24
have a thickness of 10 um is 30%, the deodorizing efficiency
in a case in which the spacers 24 have a thickness of 20 p, is
32%, and the deodorizing efficiency in a case in which the
spacers 24 have a thickness of 50 pum is up to 35%. Further-
more, the deodorizing efficiency in a case in which the spac-
ers 24 have a thickness of 100 um is 30%. Here, the deodor-
izing efficiency increases remarkably as the thickness of the
spacers 24 increases from 10 um to 100 pm. Furthermore,
although the deodorizing efficiency decreases when the thick-
ness of the spacers 24 is greater than 100 pm, the deodorizing
efficiency is still 20% or higher as long as the thickness of the
spacers 24 is less than or equal to 500 um. However, if the
thickness of the spacers 24 exceeds 500 pm, the deodorizing
efficiency becomes worse than that of the case in which the
spacers 24 are not arranged.

The plasma generating apparatus 100 configured as
described above may be preferably used in a storage space of
a refrigerator. As shown in FIG. 11, the storage space of a
refrigerator becomes highly humid during a defrosting opera-
tion, and thus dew condensation or moisture attachment may
easily occur between the electrodes 21 and 22. On the con-
trary, in the plasma generating apparatus 100 according to the
present embodiment, the water-repellent coating film 23 is
arranged on the surfaces of the dielectric layers 21a and 22a
of the electrodes 21 and 22, and thus dew condensation or
moisture attachment hardly occur. Furthermore, since the
spacers 24 form a sufficient distance between the electrodes
21 and 22, evenif dew condenses, water from the dew is easily
drained to outside of the electrodes 21 and 22.

In the plasma generating apparatus 100 according to the
embodiment as described above, the amount of plasma gen-
erated at the corresponding fluid flowing holes 215 and 225
may be maximized, and thus the area by which the plasma and
fluid contact each other may be maximized. Therefore, the
generated amount of active species (ions and radicals) may be
increased, and the effects of deodorizing by using the active
species and sterilizing floating germs and attached germs by
emitting the active species to outside of the plasma generating
apparatus 100 may be sufficiently high. Furthermore, since
the water-repellent coating film 23 is arranged on the surfaces
of the dielectric layers 21a and 22a, dew condensation and
moisture attachment hardly occur on the dielectric layers 21a
and 22a. For example, the deterioration of sterilizing effi-
ciency under high humidity inside a refrigerator may be pre-
vented, and thus sterilizing efficiency may be maintained for
an extended period of time.

FIG. 12 is a perspective view of a plasma generating appa-
ratus 100 according to another embodiment of the present
invention and FIG. 13 is a sectional-view showing an elec-
trode unit and an anti-explosion mechanism of the plasma
generating apparatus 100 of FIG. 12.

The plasma generating apparatus 100 according to the
present embodiment is substantially the same as the plasma
generating apparatus 100 according to the previous embodi-
ment of FIG. 1, except that, as shown in FIG. 14, heating
elements 6 are buried in the electrodes 21 and 22.

Here, detailed descriptions of the plasma electrode unit 2,
the air-blowing mechanism 3, the anti-explosion mechanism
4, the power supply 5, and the coating film 23 are same as
those of the previous embodiment and thus are omitted.

The heating elements 6 heat the electrodes 21 and 22 and
the dielectric layers 21a and 224 by using resistance heating,
as shown in FIGS. 14 and 15, are arranged in a concave
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portion 21m formed in portions of the electrode 21, except in
portions corresponding to the fluid flowing hole 2156 and the
penetration hole 21¢, and are arranged in a concave portion
22m formed in portions of the electrode 22, except in portions
corresponding to the fluid flowing hole 224 and the penetra-
tionhole 22¢. Furthermore, the heating elements 6 are accom-
modated in the concave portions 21m and 22m and are elec-
trically insulated from the electrodes 21 and 22 by insulators
7. In detail, the heating element 6 is formed of a heat emitting
resistor, such as Ni—Cr-based heat emitter, molybdenum
disilicide heat emitter, silicon carbide heat emitter, or graphite
heat emitter, a varistor device, an infrared LED, or a combi-
nation thereof. The heating element 6 emits heat as power is
supplied from an external power source, such as the power
supply 5. Furthermore, the heating element 6 may emit heat
corresponding to a heating temperature below or equal to
150° C.

The plasma generating apparatus 100 configured as
described above may be preferably used in the storage space
of a refrigerator. As shown in FIG. 11, the storage space of a
refrigerator becomes highly humid during a defrosting opera-
tion, and thus dew condensation or moisture attachment may
easily occur between the electrodes 21 and 22. On the con-
trary, in the plasma generating apparatus 100 according to the
present embodiment, the heating elements 6 are arranged in
the electrodes 21 and 22 and heat the electrodes 21 and 22 and
the dielectric layers 21a and 224, and thus dew condensation
and moisture attachment hardly occur and, even if dew con-
denses or moisture is attached, the dew or moisture may be
dried. Furthermore, since the water-repellent coating film 23
is arranged on the surfaces ofthe dielectric layers 21a and 22a
and the spacers 24 form a sufficient distance between the
electrodes 21 and 22, dew or moisture may be dried faster, and
thus the deterioration of sterilizing efficiency and deodorizing
efficiency may be reduced. The heating elements 6 may oper-
ate at an optimal temperature by detecting the temperature
and humidity inside a refrigerator. Alternatively, the tempera-
ture of the heating elements 6 may be adjusted or the heating
elements 6 may be turned on/off in linkage to operations of a
compressor or defrosting heater of a refrigerator. Further-
more, operation of the heating elements 6 may be controlled
by detecting the operating state of the plasma generating
apparatus 100. For example, if voltages applied to the elec-
trodes 21 and 22 are detected and the voltages tend to
decrease (that is, if the intensity of plasma is weakened), the
temperature of the heating elements 6 may be raised.

In the plasma generating apparatus 100 according to the
other embodiment as described above, the amount of plasma
generated at the corresponding fluid flowing holes 215 and
22b may be maximized, and thus the area by which the
plasma and fluid contact each other may be maximized.
Therefore, the generated amount of active species (ions and
radicals) may be increased, and the effects of deodorizing by
using the active species and sterilizing floating germs and
attached germs by emitting the active species to outside of the
plasma generating apparatus 100 may be sufficiently high.
Furthermore, since the heating elements 6 are arranged in the
electrodes 21 and 22 and heat the electrodes 21 and 22 and the
dielectric layers 21a and 22a, dew condensation and moisture
attachment hardly occur at the dielectric layers 21a and 22a,
and, even if dew condenses or moisture is attached, the dew or
moisture may be removed. For example, the deterioration of
sterilizing efficiency under high humidity inside a refrigerator
may be prevented, and thus sterilizing efficiency may be
maintained for an extended period of time. Even if plasma
generation efficiency is deteriorated due to dew condensation
on surface of the dielectric layers 21a and 22a, the dielectric
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layers 21a and 22a may be dried as the heating elements 6
emit heat, and thus plasma generation may be restored. Fur-
thermore, since the heating elements 6 are arranged in the
electrodes 21 and 22 and directly heat the electrodes 21 and
22, the period of time for heating the dielectric layers 21a and
22a and energy for heating the dielectric layers 21a and 22a
may be reduced.

Alternatively, according to another embodiment, deodor-
izing efficiency may be improved by forcing dew condensa-
tion. In other words, malodor compounds (e.g., water-soluble
malodor compounds, such as trimethylamine) are absorbed
and condensed in moisture of initially-condensed dew, and
then the electrodes 21 and 22 are heated to generate high
voltage plasma. Therefore, malodor compounds may be
decomposed at a high efficiency.

FIG. 16 is a perspective view of a plasma generating appa-
ratus 100 according to another embodiment and FIG. 17 is a
sectional-view showing a plasma electrode unit 2 and an
anti-explosion mechanism 4 of the plasma generating appa-
ratus 100 of FIG. 16.

The plasma generating apparatus 100 according to the
present embodiment is substantially the same as the plasma
generating apparatus 100 according to the previous embodi-
ment of FIG. 11., except that, as shown in FIG. 18, a casing 25
supporting the pair of electrodes 21 and 22 has substantially
the shape of a rectangular rim, where a lateral opening 2M
formed between the pair of the electrodes 21 and 22 is par-
tially opened in a lengthwise sidewall of the casing. Further-
more, the anti-explosion mechanism 4 is not shown in FIGS.
18 and 19.

A detailed descriptions of the plasma electrode unit 2, the
air-blowing mechanism 3, the anti-explosion mechanism 4,
the power supply 5, and the coating film 23 are same as of the
previous embodiment and thus are omitted.

The protective cover 41, which is one of the components of
the anti-explosion mechanism 4, may be detachably attached
to the top surface and the bottom surface of the casing 25.

Furthermore, the casing 25 includes a wall unit 251 facing
the lateral opening 2M, as shown in FIGS. 18 and 19, and the
wall unit 251 forms a gas flow path 25x having a vertically-
arranged inlet and outlet between the wall unit 251 and the
lateral opening 2M.

Indetail, penetration holes 25/ is formed in two lengthwise
sidewalls ofthe casing 25 penetrate the casing 25 from the top
surface to the bottom surface, and form the gas flow path 25x.
Furthermore, the wall unit 251 facing the lateral opening 2M
is formed by sidewalls of the penetration holes 25/4. As shown
in FIG. 18, the penetration hole 25/ is a straight linear hole
extending in the lengthwise direction. In the present embodi-
ment, two penetration holes 25/ are formed in the lengthwise
direction in each sidewall of the casing 25. Furthermore, wind
(air flow) generated by the air-blowing mechanism 3 flows
into the gas flow path 25x formed by the penetration holes
25h. Theretfore, wind flows in the opened lateral opening 2M,
and thus dew water formed between the pair of electrodes 21
and 22 may be dried faster. Furthermore the shape and num-
ber of penetration holes 25/ are not limited to those stated
above and may vary.

The plasma generating apparatus 100 configured as
described above may be preferably used in the storage space
of a refrigerator. As shown in FIG. 11, the storage space of a
refrigerator becomes highly humid during a defrosting opera-
tion, and thus dew condensation or moisture attachment may
easily occur between the electrodes 21 and 22. On the con-
trary, in the plasma generating apparatus 100 according to the
present embodiment, since the water-repellent coating film
23 is arranged on the surfaces of the dielectric layers 21a and
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22a, dew condensation and moisture attachment hardly occur
on the dielectric layers 21a and 22a. Furthermore, since the
lateral openings 2M are opened by sidewalls of the casing 25,
even in a case of dew condensation, dew may be dried. Fur-
thermore, since the spacers 24 form a sufficient distance
between the electrodes 21 and 22, even if dew condenses,
water from the dew is easily drained to outside of the elec-
trodes 21 and 22.

Confirming the drying efficiency of a plasma generating
apparatus according to the present embodiment, the plasma
generating apparatus was installed inside a refrigerator and
the number of ions was measured. As experimental examples,
a plasma generating apparatus (No. 1) in which lateral open-
ings are not opened and a coating film and spacers are not
formed, a plasma generating apparatus (No. 2) in which lat-
eral openings are opened by the above-described penetration
holes and a coating film and spacers are not formed, a plasma
generating apparatus (No. 3) in which lateral openings are not
opened and a coating film and spacers are formed, and a
plasma generating apparatus (No. 4) in which lateral open-
ings are opened by the above-described penetration holes and
a coating film and spacers are formed were prepared. A result
of measuring the number of ions of the plasma generating
apparatuses (No. 1 through 4) is shown in Table 1 below.

TABLE 1
Opening Operation in Refrigerator (Days
lateral  Coating 0 1 3 7 30
No. Openings film  Spacers Number of lons(10,000/cm?®)
1 X X X 10 5 03 02 01
2 O X X 10 8 7 7 7
3 X O O 10 5 4 3 2
4 O O O 10 10 10 10 10

From the result of the experiments shown in Table 1, it is
clear that, if lateral openings are not opened in a pair of
electrodes, the number of ions remarkably decreased as the
days of operation in a refrigerator increased even if a coating
film and spacers were formed (experimental examples No.1
and No. 3). Onthe contrary, as it is clear with the experimental
example No. 2, the initial decrease in the number of ions due
to dew condensation may be minimized by opening lateral
openings. Furthermore, as it is clear with the experimental
example No. 4, if opening lateral openings are combined with
a coating film and spacers, the decrease in the number of ions
may be prevented more effectively, and thus the plasma gen-
erating apparatus of the experimental example No. 4 may be
stably used even in an environment like a refrigerator, in
which humidity varies significantly and dew condensation
may easily occur between a pair of electrodes.

In the plasma generating apparatus 100 according to an
embodiment as described above, the amount of plasma gen-
erated at the corresponding fluid flowing holes 215 and 225
may be maximized, and thus the area by which the plasma and
fluid contact each other may be maximized. Therefore, the
generated amount of active species (ions and radicals) may be
increased, and the effects of deodorizing by using the active
species and sterilizing floating germs and attached germs by
emitting the active species to outside of the plasma generating
apparatus 100 may be sufficiently high. Furthermore, since
the lateral openings 2M formed between the pair of electrodes
21 and 22 are at least partially opened by the casing 25, dew
water formed in the pair of electrodes 21 and 22 may be easily
evaporated, and thus cumulative condensation of dew water
in the pair of electrodes 21 and 22 may be prevented. There-
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fore, the drying efficiency of the dielectric layers 21a and 22a
may be improved. As a result, generation of plasma may be
stabilized, and thus the generated amount of active species
may be stabilized.

Furthermore, the present invention is not limited to the
above embodiments.

For example, although a coating film is arranged on a
dielectric layer of each electrode in the above embodiments,
it is still effective even if a coating film is arranged on a
dielectric layer of only one of the electrodes.

According to another embodiment, the locations of heating
elements are not limited to inside the electrodes, as in the
above embodiments. For example, as shown in FIG. 20, the
spacers 24 arranged on surfaces of the dielectric layers 21a
and 224 may be formed with heating elements. In this case,
since the spacers 24 and the heating elements are integrated
with each other, the configuration of electrodes may be sim-
plified and the evaporation of moisture due to heating of the
electrodes 21 and 22 may be accelerated.

As shown in FIG. 21, an insulation layer 25 may be formed
on a stainless steel plate constituting the electrodes 21 and 22,
the heating elements 6 may be formed on the insulation layer
25, and the dielectric layers 21a and 22a may be formed on
the heating elements 6. In other words, the heating elements
6 may be arranged between the electrodes 21 and 22 and the
dielectric layers 21a and 22q. In this case, it is not necessary
to process the electrodes 21 and 22 to install the heating
elements 6 therein.

The heating elements may be arranged on portions of sur-
faces of the dielectric layers 21a and 224, such that a suffi-
cient amount of plasma can be generated.

As shown in FIG. 22, the heating elements 6 may be
arranged on a surface of or inside a casing (the protective
cover 41 in the above embodiments), which supports the pair
of'electrodes 21 and 22 of the plasma electrode unit 2, to heat
the electrodes 21 and 22 and the dielectric layers 21a and 22a.
In this case, the plasma generation apparatus 100 may have
simpler configuration than the configuration in which the
heating elements 6 are arranged at the electrodes 21 and 22 or
the dielectric layers 21a and 224, and thus the plasma gen-
eration apparatus 100 may be easily manufactured.

As shown in FIG. 23, the dielectric layers 21a and 225 may
be heated by induction-heating the electrodes 21 and 22 by
forming conductive film patterns P on surfaces of or inside the
electrodes 21 and 22 and applying high-frequency voltages to
the conductive film patterns P.

As shown in FIG. 24, during the heating operation, pulse
voltages greater than pulse voltages applied to the pair of
electrodes 21 and 22 during normal operation may be applied
to the pair of electrodes 21 and 22, so that plasma is generated
and the dielectric layers 21 a and 22a are heated thereby. In
this case, the generated amount of ozone increases, and thus
it is necessary to arrange a catalyst for decomposing gener-
ated ozone or to take any measures equivalent thereto.

Furthermore, in the casing 25 according to the above
embodiment, aside from the gas flow path 25x having a ver-
tically-arranged inlet and outlet, a gas flow path may be
formed by forming a penetration hole 2514 in the wall unit
251 facing the lateral opening 2M. In this case, the propaga-
tion of sparks may be prevented and a significant amount of
air may be blown via the lateral opening 2M.

Furthermore, although the gas flow path 25x having a ver-
tically-arranged inlet and outlet is formed in the casing 25
according to the above embodiment, a gas flow path 25y that
is laterally opened in a sidewall of the casing 25 in correspon-
dence to the lateral opening 2M may be formed, as shown in
FIG. 26. Therefore, air may also be provided to the lateral
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opening 2M, and thus the drying efficiency of the dielectric
layers 21a and 22a may be improved.

As shown in FIG. 27, the casing 25 may support the leading
sides and the rear sides of the pair of electrodes 21 and 22 and
does not support two opposite lateral sides of the electrodes
21 and 22. In this case, the lateral openings 2M in the two
opposite sides may be almost completely opened, and thus the
drying efficiency of the dielectric layers 21a and 224 may be
improved. Furthermore, the casing 25 may support four cor-
ners of the pair of electrodes 21 and 22, and thus the lateral
openings 2M are formed in all sides of the pair of electrodes
may be almost completely opened.

The heating element may be arranged in the casing 25 or
the pair of electrodes 21 and 22. Therefore, in addition to the
effect of accelerating evaporation of dew water by opening
the lateral openings, evaporation of dew water may be further
accelerated by the heating effect of the heating elements, and
thus dielectric layers may be dried faster. Particularly, in a
case of appliances, such as a refrigerator, heating elements
may be efficiently operated with minimum energy by being
linked with a sensor, such as a humidity sensor or a tempera-
ture sensor.

Although the plurality of the fluid flowing holes 215 in the
electrode 21 have the same shape and the plurality of the fluid
flowing holes 225 in the electrode 22 have the same shape in
the above embodiments, the fluid flowing holes 215 or 226
may have different shapes.

Although all of the fluid flowing holes 2154 in the electrode
21 are formed to be smaller than the plurality of fluid flowing
holes 225 of'the electrode 22 in the above embodiments, some
of the fluid flowing holes 215 in the electrode 21 may be
formed to be smaller than the fluid flowing holes 225 in the
electrode 22, and the remaining fluid flowing holes 215 in the
electrode 21 may be formed to be larger than the fluid flowing
holes 225 in the electrode 22.

Although a penetration hole is formed in the electrode 21 or
the electrode 22 in the above embodiments, penetration holes
(semi-openings) may be formed in both of the electrodes 21
and 22.

The fluid flowing holes have the same cross-sectional
shape in the above embodiments, the fluid flowing holes may
have a tapered shape, a mortar-like shape, or a bow-like
shape. In other words, the fluid flowing holes may be widened
or narrowed from an opening to the other opening.

The fluid flowing holes may have any of various cross-
sectional shapes, such as a circle, an ellipse, a rectangle, a
straight slit, a concentric-circular slit, a wavy slit, a crescent,
a comb, a honeycomb, or a star.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

Although a few embodiments have been shown and
described, it would be appreciated by those skilled in the art
that changes may be made in these embodiments without
departing from the principles and spirit of the invention, the
scope of which is defined in the claims and their equivalents.

What is claimed is:

1. A plasma generating apparatus comprising:

a pair of electrodes having surfaces facing each other;

a dielectric layer disposed between the pair of electrodes
and comprising a first surface and a second surface, the
first surface of the dielectric layer being arranged on at
least one of the surfaces facing each other; and
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a coating film arranged on the second surface of the dielec-
tric layer, the coating film configured to prevent conden-
sation and moisture attachment on the dielectric layer,

wherein plasma discharge occurs as a predetermined volt-
age is applied to the pair of electrodes.

2. The plasma generating apparatus of claim 1, wherein the

dielectric layer is formed using a thermal spraying method.

3. The plasma generating apparatus of claim 1, wherein the
coating film is water-repellent.

4. The plasma generating apparatus of claim 1, wherein a
thickness of the coating film is from about 0.01 um to about
100 pm.

5. The plasma generating apparatus of claim 1, further
comprising:

a spacer having a thickness of about 500 um or less, which

is arranged between the pair of electrodes.

6. The plasma generating apparatus of claim 5, wherein the
spacer is formed using a thermal spraying method.

7. The plasma generating apparatus of claim 5, wherein the
coating film is arranged on a surface of the spacer.

8. The plasma generating apparatus of claim 1, further
comprising a heating element arranged at least one of the pair
of electrodes or the dielectric layer.

9. The plasma generating apparatus of claim 8, wherein the
heating element is arranged in at least one of the pair of
electrodes.

10. The plasma generating apparatus of claim 8, wherein
the heating element is arranged between the electrode and the
dielectric layer.

11. The plasma generating apparatus of claim 8, wherein
the heating element is arranged in the dielectric layer.

12. The plasma generating apparatus of claim 8, wherein
the heating element is formed on a portion of at least one of
the first surface and the second surface of the dielectric layer.

13. The plasma generating apparatus of claim 8, wherein a
heating temperature of the heating element is about 150° C. or
less.

14. The plasma generating apparatus of claim 1, further
comprising: a casing which supports the pair of electrodes,
and a heating element for heating the electrode or the dielec-
tric layer is formed at the casing.

15. The plasma generating apparatus of claim 14, wherein
a heating temperature of the heating element is about 1500°
C. or less.

16. The plasma generating apparatus of claim 1, further
comprising: a casing supporting the pair of electrodes, the
casing opens lateral openings formed between the pair of
electrodes at least partially; and a plurality of fluid flowing
holes are formed in each of the pair of electrodes, wherein the
location of the fluid flowing holes corresponds to each other
to penetrate through the electrodes.

17. The plasma generating apparatus of claim 16, wherein
the casing comprises a wall unit facing the lateral opening,
and a gas flow path is formed between the lateral opening and
the wall unit.

18. The plasma generating apparatus of claim 17, wherein
a penetration hole communicating with the lateral opening is
formed in the casing, and the gas flow path is formed by the
penetration hole.

19. The plasma generating apparatus of claim 16, further
comprising an air- blowing mechanism, which is arranged at
the leading ends or the rear ends of the pair of electrodes to
provide air to the lateral opening.

20. A plasma generating apparatus comprising:

a pair of electrodes having surfaces facing each other;

a dielectric layer disposed between the pair of electrodes

and comprising a first surface and a second surface, the
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first surface of the dielectric layer being arranged on at
least one of the surfaces facing each other;

a heating element to heat the second surface of the dielec-
tric layer, the heating element arranged to contact the
dielectric layer,

wherein plasma discharge occurs as a predetermined volt-
age is applied at the pair of electrodes, and wherein the
heating element is electrically insulated from the pair of
electrodes.

21. The plasma generating apparatus of claim 20, wherein
the heating element is arranged in each of the pair of elec-
trodes.

22. The plasma generating apparatus of claim 20, wherein
the heating element is arranged between each of the elec-
trodes and the dielectric layer.

23. The plasma generating apparatus of claim 20, wherein
the heating element is arranged in the dielectric layer.

24. The plasma generating apparatus of claim 20, wherein
the heating element is formed on a portion of surfaces of the
dielectric layer.

25. The plasma generating apparatus of claim 20, wherein
a heating temperature of the heating element is about to 150°
C. or less.

26. The plasma generating apparatus of claim 20, wherein
a coating film is arranged on a surface of the dielectric layer.

27. The plasma generating apparatus of claim 26, wherein
the coating film is water-repellent.

28. The plasma generating apparatus of claim 26, wherein
athickness of the coating film is from about 0.01 um to about

100 pm.
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29. The plasma generating apparatus of claim 20, further
comprising a spacer, which is arranged between the pair of
electrodes and has a thickness smaller than or equal to 500
pm.
30. A method of generating plasma comprising:
preparing a pair of electrodes having surfaces facing each
other, wherein a dielectric layer is disposed between the
pair of electrodes and comprises a first surface and a
second surface, the first surface of the dielectric layer is
arranged on at least one of the surfaces facing each other;

applying a predetermined voltage to the pair of electrodes
to occur plasma discharge;

heating the second surface of the dielectric layer by using

a heating element, the heating element to contact the
dielectric layer,

wherein the heating element is electrically insulated from

the pair of electrodes.

31. A method of generating plasma comprising:

preparing a pair of electrodes, wherein a dielectric layer is

arranged on at least one of surfaces of the electrodes
facing each other;

applying a predetermined voltage to the pair of electrodes

to generate the plasma; and

heating the pair of electrodes by applying voltage greater

than the predetermined voltage to the pair of electrodes
to heat the dielectric layer.

32. The plasma generating apparatus of claim 1, further
comprising a metal mesh acting as an anti-explosion safety
mechanism.

33. The plasma generating apparatus of claim 20, further
comprising a metal mesh acting as an anti-explosion safety
mechanism.
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